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An overview of tsunami deposits along the Cascadia margin
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Abstract.  Records of paleotsunami deposits have been compiled from more than 50 sites
along the Pacific Northwest coast from northern California, U.S.A. to Vancouver Island, British
Columbia, Canada. Many of these deposits record multiple tsunamis. They are best preserved in
the stratigraphy of tidal or back-barrier marshes and coastal lakes. The deposits range from less
than 1 cm to more than 70 cm thick. They are composed of fine to very coarse sand and some
contain multiple normally graded layers representing successive waves. Many of the deposits
have been associated with coseismic subsidence, suggesting that they were produced by great
earthquakes along the Cascadia subduction zone. Typical inundation distances, as measured
from the shoreline, are 0.5-2 km but may be greater along rivers and estuaries. Coastal barriers
up to 8 m high have been overtopped. More work is needed to establish inundation distances and
run-up elevations, verify numerical models, compare local site impacts, and determine recurrence
intervals.

1. Introduction

The potential for great earthquakes (M8-M9) and associated tsunamis on
the Cascadia Subduction Zone (CSZ) has been the focus of a large body
of research over the last two decades (e.g., Atwater, 1987; Atwater et al.,
1995; Clague, 1997; Darienzo et al., 1994; Nelson and Personius, 1996).
Although similar tectonic settings are known to produce great earthquakes
and tsunamis, there is no written record of great earthquakes occurring on
the CSZ. Tsunamis often leave recognizable deposits in the geologic record,
allowing us to extend our knowledge of past tsunamis and their relationship
to great earthquakes.

We compiled a record of tsunami deposits along the Cascadia margin.
Data from these deposits can aid in the assessment of tsunami hazards by
helping identify areas subject to tsunami inundation and improving esti-
mates of potential run-up and recurrence intervals.
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2. Spatial Distribution of CSZ Tsunami Deposits

More than 50 sites containing potential or confirmed tsunami deposits have
been identified along most of the Cascadia margin from northern California,
U.S.A. to Vancouver Island, British Columbia, Canada (Table 1, Fig. 1).
There appears to be a gap north of the Copalis River in northern Washington
and small gaps in central Oregon, southern Oregon, and Northern California.
These gaps do not imply tsunamis have not occurred at these locations in the
past; the gaps are probably due to conditions unfavorable to the deposition,
preservation, or identification of tsunami deposits.

3. Identification of CSZ Tsunami Deposits

Tsunamis often transport sand from offshore and from the beach and de-
posit it over coastal lowlands. In certain settings, this sand layer may be
preserved and identified in the stratigraphic record. Tsunami deposits are
best preserved and identified in coastal marshes and lake environments that
do not normally get a large input of sand. However, it is often difficult to
distinguish a tsunami deposit from sandy deposits left by other energetic
processes, such as river flooding or storm surges. Tsunami deposits, how-
ever, have key characteristics that can be used to distinguish them from
deposits formed by other processes.

Tsunami deposits may be distinguished from river deposits by distinct
biological markers, spatial distribution, sediment characteristics, and geo-
chemistry. Tsunami deposits contain marine or brackish water macro- and
microfossils while fossils in river deposits, if present, would be fresh water
varieties (Hemphill-Haley, 1995). Tsunami deposits fine landward, while
river deposits generally fine seaward (Nelson et al., 1996b). The composi-
tion and texture of the sand grains can be used to determine a coastal or
upriver source (Peterson and Darienzo, 1996). Geochemical indicators, such
as bromine enrichment, may indicate a marine source (Schlichting, 2000).

Storm surge deposits are more difficult to distinguish from tsunami de-
posits because, similar to tsunami deposits, they also contain marine or
brackish water macro- and microfossils, have salt water chemistry, and thin
and fine landward. Comparison of tsunami deposits from the Cascadia mar-
gin with deposits from recent tsunamis can help define distinguishing charac-
teristics (Jaffe et al., 1996). Multiple normally graded beds within a deposit
suggest deposition by successive tsunami waves rather than a storm surge
(e.g., Atwater and Hemphill-Haley, 1997; Nelson et al., 1996b). The inclu-
sion of rip-up clasts of peat and mud in the deposit further suggest deposition
by a tsunami. Tsunamis may also have the potential to deposit sand farther
inland or at higher elevation than storms (Dawson and Shi, 2000).

It also may be possible to distinguish a deposit left by a tsunami produced
by a great earthquake on the CSZ from one left by a distant tsunami or a
landslide. Carver et al. (1996) proposed using deposit extent and thickness
to differentiate CSZ tsunamis from distant tsunamis by comparing them to
deposits left by historic distant tsunamis. Witter (2001) uses the estimated



ITS 2001 PROCEEDINGS, SESSION 3, NUMBER 3-3 481

-128° -124° -120° -116°
52° > 52°

48° 48°
44° 44°
40° 40°
Juan de Fuca
Pacific Plate
o CascadiaSubduction Mendocino Fracture Zone
Zone Tsunami Deposits iy
N Other Fault
"4, Spreading Ridge
36° I [ 0 1 I 360

-128° -124° -120° -116°

Figure 1: Map showing the locations of tsunami deposits along the Cascadia Margin. Numbers correspond
to site locations in Table 1. Inset shows the regional tectonic setting.
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500540 year average recurrence interval for great CSZ earthquakes (Atwater
and Hemphill Haley, 1997) to suggest that at least two out of four sand layers
in a 600-year interval were deposited by distant tsunamis or storm surges.

The stratigraphic position of the sand sheet may indicate its origin
(Fig. 2). In coastal marsh stratigraphy, peat indicates a well-vegetated marsh
soil that was subaerialy exposed, while mud with brackish marine diatoms
indicates that deposition was in the intertidal zone. A sand sheet abruptly
overlying peat and underlying tidal mud suggests that deposition of the sand
sheet was associated with abrupt coseismic subsidence of a marsh, and im-
plies deposition by a tsunami produced by a seismic event (e.g., Atwater,
1987; Nelson et al., 1996b) (Fig. 2a). Preservation of rooted plant mate-
rial beneath the sand deposit indicates sand deposition occurred soon after
subsidence and further supports the link between subsidence and sand depo-
sition (Atwater and Yamaguchi, 1991). A tsunami deposit overlying a buried
marsh deposit that has not coseismically subsided may share many of the
features of a tsunami deposit in a subsided marsh, but lack an overlying mud
layer (Darienzo et al., 1994) (Fig. 2b). Tsunami deposits in lakes usually
consist of a bed of sand layered above and below by gyttja, an organic-rich
lake mud (Hutchinson et al., 1997, 2000; Clague et al., 1999) (Fig. 2¢). A
layer of organic debris and/or a massive mud may overlie the sand layer.
The source of the tsunami may not be evident from the lake sediments alone
(Clague, 1997).

4. Characteristics of CSZ Tsunami Deposits

Tsunami deposits along the Cascadia margin exhibit a wide range of thick-
ness, from less than a centimeter to over 70 cm (e.g., Clague and Bobrowski,
1994a). Typical ranges are from 1-30 cm. In general, they thin landward and
away from channels (e.g., Atwater, 1987; Benson et al., 1997). Locally, thick
deposits may accumulate in depressions or in front of obstructions (Clague
et al., 1994), and near the terminus of narrow tidal creek sloughs (Peterson
and Priest, 1995).

The grain-size distributions of CSZ tsunami deposits generally range from
fine to very coarse sand. They often contain silt and occasionally contain
gravel (e.g., Atwater, 1987; Benson et al., 1997). The absence of gravel
reported in many Cascadia tsunami deposits does not indicate that CSZ
tsunamis were not able to transport large particles, just that large particles
may not have been present or abundant in the sediment source. The deposits
are usually massive to normally graded and may contain multiple fining
upward sequences (e.g. Benson, et al., 1997).

Internal structures that can be used to determine flow direction are rare
in CSZ tsunami deposits. Oriented fossil plants (flopovers) found in the
tsunami deposit at Niawiakum River indicate a landward-directed flow (At-
water and Hemphill-Haley, 1997). X-ray radiographs of cores may also show
evidence of internal structures in tsunami deposits.

The lower contacts of CSZ tsunami deposits are sharp, may be irregular,
and sometimes are erosive. Upper contacts may be sharp in marsh deposits
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Figure 2: Typical stratigraphy of CSZ tsunami deposits. (a) A tsunami deposit within a subsided marsh
stratigraphic sequence. Subsidence is indicated by a thick layer of mud above the tsunami deposit. (b) A
tsunami deposit within a marsh stratigraphic sequence that has not undergone coseismic subsidence lacks
an overlying bed of mud. (c¢) Tsunami deposits in lakes are characterized by a sandy bed layered between
gyttja. A thick layer of organic debris and/or massive mud may overlie the sand layer.
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(Clague et al., 2000). In both lake and marsh deposits, however, the upper
contact may be gradational (Hutchinson et al., 1997).

(CSZ tsunami deposits record inundation distances in open coastal set-
tings (i.e., overland inundation) of greater than 1 km (Schlichting, 2000)
and inundation distances may be much greater up rivers and estuaries (Ta-
ble 1). Tsunami deposits at Young’s Bay, on the Columbia River along the
Washington/Oregon border, extend 10 km upriver (Peterson et al., 1993).
Tsunami deposits along the Niawiakum River reach up to 3 km inland (At-
water, 1987; Reinhart, 1991), and marine diatoms have been found up to 4
km inland (Hemphill-Haley, 1995). Typical inundation distances range from
0.5 km-2 km (Table 1).

Run-up is the maximum elevation reached by a tsunami. Minimum es-
timates of run-up are usually made by determining the height of barriers
the tsunami had to overtop to leave the deposit. These estimates may be
complicated by post-depositional elevation changes caused by tectonic, de-
positional, or erosional processes. Up to 8 m run-up has been inferred from
tsunami deposits on Long Beach peninsula, Washington (Schlichting, 2000).

CSZ tsunami deposits have been dated using radiocarbon techniques on
fossil plant material taken either from within the tsunami deposit or from
directly underlying strata. This material may have been dead for some time
at the time of the tsunami, so this method gives a maximum age. The most
accurate dating can be achieved by sampling material that probably died
during the earthquake or tsunami, such as root material in growth position.
Recent tsunami deposits (such as the 1964 Alaska earthquake tsunami) may
be differentiated from older tsunami deposits by elevated 37Cs levels that
resulted from atomic testing during the 1950s and 1960s (Benson et al.,
1997).

Figure 3 shows the reported age ranges of CSZ tsunami deposits. Most
sites record a sand layer approximately 300 years old that probably was
deposited by a tsunami that originated on the CSZ on 26 January 1700 (Sa-
take et al., 1996). Many sites also contain older tsunami deposits. The time
period represented by the marsh and lake stratigraphy along the Cascadia
margin ranges from several hundred years to more than 3500 years.

5. Future work

The study of tsunami deposits is still relatively new. Tsunami deposits have
only been recognized along the Cascadia margin within the last 15 years,
and while a large number of tsunami deposits have now been described along
the Pacific Northwest coast, much work remains to be done. To assess the
hazard from CSZ tsunamis, both their frequency and magnitude need to be
determined. To develop an understanding of the frequency of CSZ tsunamis,
we need precise and accurate dates for the tsunami deposits. Sediment
transport modeling, constrained by data from tsunami deposits, can help
determine size, maximum inundation, and flow velocities of CSZ tsunamis.
More detailed investigations are needed where known tsunami deposits exist.
Gaps in the CSZ tsunami deposit coverage should be explored for potential
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Figure 3: Reported age ranges for CSZ tsunami deposits. Ages are in calendar years before AD 2000.

tsunami deposits. We should also look beyond the borders of the CSZ for
tsunami deposits that correlate with CSZ tsunamis. This will help constrain
the magnitude of CSZ tsunamis and aid in determining the risk to areas
both inside and outside the Cascadia margin.

6. Conclusions

Tsunamis have left recognizable deposits in coastal marshes and lakes at
more than 50 sites along the entire length of the CSZ. The deposits are
often associated with coastal subsidence, suggesting that many were caused
by great earthquakes (M8-M9) along the CSZ. The deposits record tsunami
inundation greater than 1 km in open coastal settings and up to 10 km
up rivers and estuaries. Up to 8 m run-up has been inferred. A deposit
associated with a tsunami that occurred approximately 300 years ago is
present at most sites along the CSZ and many sites have evidence for multiple
tsunamis. Further study of CSZ tsunami deposits is vital to accurately assess
tsunami hazards on the Pacific Northwest coast.
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